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correlation. Together, these
results indicate that presynaptic
strength is highly dependent on
its location along the axon. This
correlation is intriguing and poses
interesting mechanistic questions.
How is this gradient set up? Is the
gradient in presynaptic strength
pre-established during
development or does neuronal
activity also play a role? And
finally, what functional
significance does this have on
muscle function? Using the
techniques developed here,
important forays into these crucial
questions will no doubt follow.
Future Avenues
The approach taken by Guerrero
et al. [2] shows that targeting
calcium sensors to specific
compartments may be one way to
increase sensitivity. One can
further imagine using similar
probes in the mammalian brain.
Specifically, one could target a
calcium sensor to the calcium
permeable glutamate receptor —
known as the NMDA receptor for
its pharmacological agonist — by
means of fusion proteins with
either the receptor itself or with
other scaffolding proteins
associated with it. Calcium influx
through NMDA receptors is
crucial in mediating activity
dependent changes in synaptic
strength and reporters of this
activity would be important
additions to the already available
tools. Similarly, one could also
have a readout of neuronal output
by targeting presynaptic
compartments. Calcium influx
through voltage sensitive calcium
channels could be monitored by
attaching the calcium sensor to
active zone proteins close to the
plasma membrane. Rises in
presynaptic calcium control
neurotransmitter release and
vesicle cycling in presynaptic
terminals. Genetically encoded
reporters of this activity would
allow functional imaging of
presynaptic activity in vivo. Such
probes would no doubt also be
important advances in the road to
functional imaging in the
mammalian brain. 
References
1. Miesenbock, G. (2004). Genetic methods
for illuminating the function of neural
circuits. Curr. Opin. Neurobiol. 14,
395–402.
2. Guerrero, G., Rieff, D.F., Agarwal, G.,
Ball, R.W., Borst, A., Goodman, C.S., and
Isacoff, E.Y. (2005). Heterogeneity in
synaptic transmission along a Drosophila
larval motor axon. Nat. Neurosci. 8,
1188–1196.
3. Miyawaki, A., Llopis, J., Heim, R.,
McCaffery, J.M., Adams, J.A., Ikura, M.,
and Tsien, R.Y. (1997). Fluorescent
indicators for Ca2+ based on green
fluorescent proteins and calmodulin.
Nature 388, 882–887.
4. Miyawaki, A., Griesbeck, O., Heim, R.,
and Tsien, R.Y. (1999). Dynamic and
quantitative Ca2+ measurements using
improved cameleons. Proc. Natl. Acad.
Sci. USA 96, 2135–2140.
5. Zito, K., Parnas, D., Fetter, R.D., Isacoff,
E.Y., and Goodman, C.S. (1999).
Watching a synapse grow: noninvasive
confocal imaging of synaptic growth in
Drosophila. Neuron 22, 719–729.
6. Murthy, V.N., Sejnowski, T.J., and
Stevens, C.F. (1997). Heterogeneous
release properties of visualized
individual hippocampal synapses.
Neuron 18, 599–612.
7. Murphy, T.H., Baraban, J.M., Wier, W.G.,
and Blatter, L.A. (1994). Visualization of
quantal synaptic transmission by
dendritic calcium imaging. Science 263,
529–532.
8. Atwood, H.L., and Karunanithi, S. (2002).
Diversification of synaptic strength:
presynaptic elements. Nat. Rev.
Neurosci. 3, 497–516.
MRC Centre for Developmental
Neurobiology, King’s College London,
New Hunts House, Guy’s Campus,
London SE1 1UL, UK.
E-mail: jburrone@kcl.ac.uk
DOI: 10.1016/j.cub.2005.10.025
Current Biology Vol 15 No 21
R878
Scott L. Hooper
Work in a variety of systems
suggests that motor pattern
variants, for example right turns
during walking, are induced by
activity in small numbers of
descending ‘command’ neurons.
These neurons feed onto an
intermediary level of interneurons
which, in turn, alter the output of
the neural network that generates
the motor pattern in question.
Early work in leech suggested that
the functional segregation present
at the level of the descending
inputs — one set for right turns,
one for lefts turns — is largely lost
at the intermediary level, in that
most or all intermediate neurons
were active in all turns, and which
direction of turn was produced
depended on the collective activity
of the entire intermediate layer. 
As they report in a recent issue
of Current Biology, however, Jing
and Weiss [1] have now shown
that, in the sea slug Aplysia,
segregated functional pathways
are present at all levels between
descending inputs and the motor
pattern generating network. These
data thus suggest that nervous
systems do not use a single type
of network organization to induce
motor pattern variants.
In primates, a reaching
movement is preceded by firing in
motor cortex neurons. Each
neuron fires most strongly for
reaches in a preferred direction,
and one interpretation of this is
that the neurons induce movement
in that direction [2,3]. In the
lamprey, firing of individual
descending reticulospinal neurons
was found to induce motor neuron
activity which would cause turns in
specific directions [4–7]. And in
the leech, touching the body wall
induces bendings away from the
site of the touch [8–12]. Although,
in this last case, sensory neurons
are being activated, these neurons
are functionally analogous to the
motor cortex and reticulospinal
neurons noted above, in that there
is a one to one correspondence
between neural activity and motor
response — for example,
stimulation of the leech dorsal
body wall receptor results in
ventral body wall bending. In each
of these three cases, therefore,
Movement Control: Dedicated or
Distributed?
Neural networks in which ‘commands’ spread ‘horizontally’ across
multiple neurons have been believed to mediate motor pattern
variation. A recent study shows that dedicated ‘vertical’ neural
pathways can also underlie these variations.
firing of specific higher-order
neurons ‘codes’ for specific motor
pattern variations.
Interposed between the higher
order, functionally specific
neurons and the neural networks
that generate movements is an
intermediary layer, or layers, of
interneurons. The question at
issue here is whether functional
specificity is maintained in these
interposed layers. Figure 1A
shows a hypothetical example in
which specificity is not
maintained. The ‘right’ and ‘left’
turn descending neurons excite all
three intermediate level neurons,
but with different strengths
(indicated by the numbers next to
the synapses). Each intermediate
neuron synapses onto multiple
motor pattern network neurons
(the neuronal composition and
synaptic connectivity of this
network are not shown). Some of
these synapses are appropriate to
produce right turns and others to
produce left turns. Summing these
effects according to turn type
gives each intermediary neuron’s
total right and left turn influence
(indicated in Figure 1 by the
bottom row ovals and synaptic
symbols; for example, neuron 2
promotes right turns with a
summed strength of 0.2 and
inhibits left turns with a summed
strength of 0.1).
As an example of how this
network works, consider the case
when the right command neuron
fires at 100 Hz. Multiplying 100 Hz
by the marked synaptic strengths
results in neurons 1, 2, and 3 firing
at 20 Hz, 80 Hz and 60 Hz,
respectively. These neuronal
activities result in a rightward
influence on the motor pattern
network of –4 + 16 + 12 = 24 (20
times –0.2 plus 80 times 0.2) plus
60 times 0.2, but a total leftward
influence of only 4 + –8 + 6 = 2 (20
times 0.2 plus 80 times –0.1 plus
60 times 0.1). The rightward
influence thus greatly outweighs
the leftward influence, so a right
turn occurs. Similar calculations
show that, when the left
descending neuron fires, the
leftward influence is much greater
than the rightward, and so in this
case a left turn would result.
An important characteristic of
this ‘distributed’ synaptic
arrangement is that all of the
intermediate neurons are
activated when either turn is
specified, including neurons
antagonistic to the specified turn
(for example, neuron 1 is active
during right turns even though it
inhibits right turning).
Furthermore, if inputs must cross
a threshold value to be effective
— as is often the case because,
for instance, of action potential
thresholds — firing by any
individual intermediate neuron
may have no effect. In the case at
hand, if the influence on the motor
pattern generator must be greater
than 20 to induce a turn and the
intermediate neurons cannot fire
faster than 100 Hz, firing by any
individual intermediate neuron will
not induce a turn. Information flow
through distributed networks is
consequently often considered to
be a collective process of the
network as a whole.
Figure 1B shows an alternative,
‘dedicated’ synaptic connectivity
pattern, in which functionally
specified pathways are maintained
throughout the network. Note that
in this case stimulation of
individual intermediate neurons
can result in turns — for example,
since neuron 3 is the only
intermediate neuron in the turn left
pathway, firing of neuron 3 alone
must be able to induce a turn —
and that each intermediate neuron
is active in only one type of turn.
Do specific nervous systems
use distributed or dedicated
networks to generate motor
pattern variants? Early work
showed that bending of the leech
body wall is mediated by a highly
distributed network in which
intermediate neurons make
synapses onto the large majority
of body wall motor neurons, and
most intermediate neurons
(including ones antagonistic to the
bend being produced) are active
during all bends. Jing and Weiss
[1] have now shown that the
Aplysia feeding system takes the
alternative approach, with a
dedicated control structure.
Aplysia feed by projecting and
retracting a grasping organ (the
radula) from the buccal cavity.
Natural bites show large variations
in the durations of radula
protraction. Jing and Weiss [1]
found that two descending
interneurons, CBI-2 and CBI-12,
induce bites with long and short
protraction durations,
respectively. They then showed
that CBI-2 acts by preferentially
exciting two neurons, B34 and
B40, which increase the
protraction duration, while CBI-12
acts by preferentially exciting two
neurons, B30 and B65, that
decrease it. 
Dispatch    
R879
Figure 1. Distributed versus dedicated neuronal network architectures.
(A) In a distributed network, distinct right and left pathways cannot be identified at the
intermediary level. (B) In a dedicated network, functionally specified pathways exist at
all levels. In both panels, the top two rows represent neurons (open circles) and
synapses: triangle, excitatory; closed circles, inhibitory; the numbers next to symbols
indicate synaptic strength. The ovals in the bottom row are not neurons, but instead
represent the summed effects on the motor pattern generator of command level neuron
firing (see text).
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Although the pathways are not
completely separate — CBI-12
does excite B34, just to a smaller
extent than CBI-2 — the
differential strengths of the effects
indicate that, in this system, two
functionally distinct pathways —
‘modules’ in the words of the
authors — exist at all levels from
descending interneurons to motor
pattern generator network, with
CBI-12/B30/B65 shortening the
duration of protraction and CBI-
2/B34/B40 lengthening it.
These results raise two general
issues. The first is to provide
further motivation for determining
in other systems whether
command-like descending
neurons feed onto distributed or
dedicated intermediate
interneuronal levels. The second
stems from the facts that the work
reported here examined only bites,
but the Aplysia feeding neural
network also produces bite-
swallows and rejections. An
important next step is thus to
determine whether the CBI-
12/B30/B65 and CBI-2/B34/B40
pathways also control protraction
duration these other feeding
related motor patterns.
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The centrosome is the primary
microtubule nucleating centre
within most animal cells at all
stages of the cell cycle, but on
entry into mitosis, microtubule
assembly at the centrosome
dramatically increases in a process
termed maturation (reviewed in [1]).
This activation enables
microtubules to grow out from the
centrosome, interact with
chromosomes and form the bipolar
spindle required for chromosome
segregation. At the same time,
many proteins are recruited to
centrosomes, including the γ-
tubulin ring complex and other
microtubule regulators (reviewed in
[2]). Although the centrosome has
been a focus of investigation for a
long time, little is known about how
the cell-cycle machinery induces
centrosome maturation.
The mitotic kinase Aurora A is
known to be required for the
maturation of the centrosomes
that occurs in mitosis [3,4]. Three
recent studies [5–7] have provided
significant new insight into the
molecular nature of Aurora A
regulation of centrosomal
microtubule assembly. These
studies show that Aurora A
phosphorylates the conserved
centrosomal protein TACC, and
that this phosphorylation leads to
increased microtubule assembly
at the centrosome. Whilst a
previous study [8] showed that
Aurora A could phosphorylate the
Drosophila TACC (D-TACC) in
vitro, the new studies [5–7] clearly
demonstrate the functional
significance of this
phosphorylation in vivo.
Residues Ser626 of the main
Xenopus TACC (TACC3/Maskin) is
a major site of Aurora A
phosphorylation in vitro [9].
Mutating this conserved residue in
the D-TACC protein (Ser863)
dramatically reduces the number of
astral microtubules emanating from
the centrosome [6]. The
importance of Aurora A
phosphorylation was also
demonstrated in the Xenopus
TACC3 protein [5,7]. An additional
two Aurora A phosphorylation sites
in the Xenopus TACC3 protein
were identified and mutated
(Figure 1). Unlike the bacterially
expressed wild-type protein, the
non-phosphorylatable form of
TACC3 could not rescue
microtubule assembly around
centrosomes [5,7] or spindle size
[7] in Xenopus egg extracts
depleted of endogenous TACC3.
Together, these studies [5–7]
demonstrate that Aurora A
phosphorylation of TACC is
The centrosome is the main microtubule organising centre in the cell.
During mitosis, centrosomes dramatically increase microtubule
nucleating activity, enabling them to form a mitotic spindle. Recent
studies show that Aurora A kinase promotes microtubule assembly
from centrosomes through the phosphorylation of the conserved
centrosomal protein TACC.
Centrosome Maturation: Aurora
Lights the Way to the Poles 
